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Introduction
Hypogonadotropic hypogonadism (HH) is one of the phenotypic features of subjects carrying mutations of several genes located within the leptin-melanocortin signalling pathway. These genes include the leptin gene (LEP), the leptin receptor gene (LEPR) and the prohormone convertase 1 gene (PC1) [1, 2] . HH has not so far been reported in melanocortin 4 receptor gene (MC4R) mutation carriers [2] .
Homozygous mutation carriers of MC4R suffer from early onset morbid obesity and its complications. They often present with hyperphagia and binge eating [2] , though binge eating was not confirmed in a subsequent study [3] . To date, no specific effective therapy for these patients has been found. Some studies have shown that an intensive lifestyle intervention in MC4R mutation carriers leads to a similar weight loss as in non-carriers [4, 5] . However, in a study by Reinehr et al. [5] , 16 children harbouring heterozygous MC4R mutations of reduced receptor function had greater difficulties achieving weight maintenance in comparison to non-carriers. A recently published case report of an adolescent with complete MC4R deficiency (due to compound heterozygosity) demonstrated a poor weight loss even after gastric banding [6] . A report by Aslan et al. [7] however indicated that Roux-en-Y gastric Obes Facts 2011;4:324-328
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The effect of sibutramine as a centrally acting serotoninnorepinephrine re-uptake inhibitor has previously been evaluated in children with hypothalamic obesity [8] . It was shown that the sibutramine-induced weight loss in subjects with hypothalamic obesity, including 2 patients with unspecified MC4R mutations, was less pronounced than that in subjects with common obesities [8] .
Case Report
In 2004, a homozygous loss-of-function mutation G181D in MC4R was identified in a 14-year-old boy with weight of 130.0 kg (z-score 6.9), height of 171 cm (z-score 0.4) and BMI of 44.5 kg/m 2 (z-score 8.6) [4] . The patient suffered from morbid obesity since his early childhood ( fig. 1 ) accompanied by a loss of control over food intake. He demonstrated a high score on the Eating Inventory (hunger 7 and disinhibition 8) [9] and replied positively to all questions in binge eating syndrome questionnaires [10] . Insulin resistance, biochemical and ultrasound signs of fatty liver, increased levels of uric acid and triglycerides and decreased levels of HDL-cholesterol were all observed over time. He has been treated for hypertension with losartan (25 mg/day) since 2008.
Repeated testing revealed lower levels of serum testosterone (5.64, 2.77, 4.15, 9.66, 8.31 nmol/l; normal range 10.0-34.0 nmol/l) and dihydrotestosterone (DHT) (0.72, 0.8 nmol/l; normal range 0.9-3.6 nmol/l). The patient's testicular volume was 19 and 20 ml, and the length of the flaccid penis was approximately 7 cm. He presented with spare and female-like pubic hair (Tanner stage for pubic hair -PH3) and was lacking axillary, facial and chest hair ( fig. 2 ). He has never shaved. Our patient did not report any problems concerning libido or erection.
At the age of 19 years, low levels of luteinizing hormone (LH; 2.4 IU/l), follicle-stimulating hormone (FSH; 1.6 IU/l) and testosterone (2.77 nmol/l) were confirmed. Over a 2-year follow-up period, oestradiol fluctuated from normal (0,265 nmol/l) to slightly elevated (0,323 nmol/l) levels. Serum free thyroxine, thyroid-stimulating hormone (TSH), prolactin (PRL), cortisol, adrenocorticotropic hormone and insulin-like growth factor-1 were repeatedly within the normal range. Levels of sex hormone-binding globulin (SHBG) were repeatedly low (8.6, 10.3, 11.8 nmol/l; normal range 23.0-50.4 nmol/l). Lower levels of dehydroepiandrosterone (5.3, 11.27 nmol/l; normal range 11.6-38.7 nmol/l) and dehydroepiandrosterone sulfate (6.15, 4.06 umol/l; normal range 7.2-16.1 umol/l) were also detected. The androstendione level was within the normal range.
In January 2010, a standard gonadotropin-releasing hormone (GnRH) stimulation test with a 100-g dose of GnRH (LHRH Ferring; Ferring Arzneimittel GmbH, Kiel, Germany) and a thyrotropin-releasing hormone (TRH) stimulation test with 200-g dose of TRH (TRH Ferring; Ferring Arzneimittel GmbH) were undertaken. The baseline and peak serum LH, FSH, TSH and PRL responses are shown in table 1.
In response to GnRH administration, a moderate increase of LH (approximately 3 times the baseline value) was observed. This increase of the LH level in 180 min was accompanied by a slight elevation of serum testosterone. There was a physiological response of both TSH and PRL levels to the TRH administration.
A human chorionic gonadotropin (HCG) stimulation test was performed with a daily dose of 1,500 IU of HCG (Pregnyl; Organon Laboratories Ltd., Cambridge, UK) administered for 3 days. The HCG stimulation led to a slight increase of serum testosterone (from 2.77 to 9.66 nmol/l) and DHT (from 0.72 to 2.03 nmol/l) levels.
A hyperinsulinaemic euglycaemic clamp with insulin in a dose of 40 and 80 mIU/min/m 2 was also undertaken. Glucose disposal rates were 1.6 mg/kg/min with 40 mIU/min/min 2 of insulin and 2.5 mg/kg/min when 80 mIU/min/m 2 was applied. These results confirmed severe insulin resistance. Our patient exhibited no clinical or laboratory signs of growth hormone and ACTH deficiency (data not shown).
In order to evaluate the morphology of the patient's pituitary gland and hypothalamus, brain magnetic resonance imaging (MRI) was performed. The hypothalamic-pituitary region was shown to have normal structure. In addition, improvements in metabolic parameters were also demonstrated (table 2) . Decreases in the hunger score (7 1) and disinhibition score (8 4) of the Eating Inventory as well as in the Beck depression score (5 3) were observed. Sibutramine was well tolerated by this patient and was not accompanied by an increase either of blood pressure (controlled by losartan treatment) or of pulse rate. One year after cessation of the anti-obesity drug, body weight increased by 10.8 kg to 186.6 kg ( fig. 1) causal relationship to the MC4R mutation. Results of endocrine investigations in previous patients with LEP and LEPR mutations have pointed to a defect in hypothalamic activation of the pituitary axis [1, 11] .
HCG administration in our patient induced only a slight increase in serum testosterone levels. This lower stimulation may be due to diminished HCG absorption from adipose tissue than would be seen from muscle tissue in any lean subject. Further, the testosterone response to short-term administration of HCG may also be blunted because Leydig cell steroidogenic enzymes are down-regulated. Results of both stimulation tests (GnRH, HCG) and normal brain MRI provide additional support for the hypothalamic disturbance of GnRH secretion in this patient.
HH has not so far been described in other MC4R mutation carriers. To date, less than 20 homozygous carriers in 10 different MC4R mutations have been identified [4, 24, 25, 26, 27] . Only one homozygous MC4R mutation carrier (40-yearold woman) with complete loss of function and normal gonadotropin levels was described [25] . Other published homozygous cases had either not reached puberty or the mutations led to partial activity, which may influence the phenotype of the affected individuals [24, 26] . In a few cases, no age of the homozygous MC4R mutation carrier was presented [26] , or the gonadotropin levels were not determined [27] .
Homozygous MC4R mutation carriers suffer from severe obesity with increased mass (not only fat mass but also lean body mass), increased linear growth, hyperphagia and severe hyperinsulinaemia [2, 4] . Observed elevated fasting levels of orexigenic NPY may mediate binge eating episodes in our patient. This is supported by recent studies which demonstrated comparable NPY levels in normal-weight and obese subjects [28] while increased NPY concentrations were observed in patients with bulimia nervosa [29] .
It was clearly demonstrated that subjects with MC4R mutations are able to lose weight under intensive lifestyle intervention [4, 5] . However, long-term weight maintenance is difficult to achieve in these patients when only lifestyle modification is applied [5] . Therefore, other treatment strategies specifically addressing the uncontrolled hunger should be used. Efficacy of sibutramine to induce weight loss by decreasing the hunger score was shown in adolescents [30] . We assume that the reduction of hunger in our patient played a major role in the weight maintenance in response to the sibutramine treatment.
At this time, the patient is off any medication except for his long-term antihypertensive therapy. Hypertension is less frequently observed in MC4R mutation carriers compared to non-carriers due to the reduced sympathoexcitability [31, 32] . However, some hypertensive MC4R mutation carriers, including homozygous carriers, have been identified [24, 27, 33] . In our patient, no increase in pulse rate and good control of hypertension by monotherapy with losartan during the sibutramine treatment could be explained by a low vasoconstricfound in subjects with mutations of LEP, LEPR and PC1 [1, 11, 12] . The HH in LEP and LEPR mutation carriers is due to the defect in leptin signalling which has been shown to be an important hormone for the onset of puberty [13] . The leptin level in our patient corresponded to enlarged body fat stores. The mechanism of HH in PC1 mutation carriers has however not yet been elucidated. The impaired processing of the respective pro-hormones necessary for the onset of puberty has been discussed as one possibility [12] .
There is evidence that the melanocortin pathway is involved in sex function regulation [14] . Van der Ploeg et al. [15] recently reported that an administration of MC4R agonists augments erections and improve erection dysfunction. However, in another study [16] intracerebroventricular administration of an MC4R antagonist delayed the onset of male sexual behaviour. Recent experimental studies [17] demonstrated that acetylated melanocortin peptides in the brain might mediate the regulation of reproductive function by leptin. The exact role of melanocortins in human sexual maturity therefore remains unknown.
In our patient, low levels of testosterone, DHT, LH and FSH were found. According to Arver et al. [18] , total testosterone levels of less than 8 nmol/l highly support a diagnosis of hypogonadism. As DHT plays an important role in the development of secondary sex characteristics and acts as the primary androgen in the hair follicle, its decreased levels could contribute to the phenotype characteristics found in our patient. It is known that severe obesity in men may be associated with delayed puberty and/or hypogonadism. This may be due to low levels of SHBG [19] and of total and free testosterone coupled with high levels of oestrogens (oestradiol, oestrone) [20] . This hormonal abnormality results from high activity of aromatase in the enlarged fat stores [19] . Aromatase is an enzyme which catalyses the conversion of androgens (testosterone, androstendione) into oestrogens (oestradiol and oestrone). Constantly decreased levels of SHBG and intermittently increased levels of oestradiol might have affected the sex development in our patient as well. The fact that the patient did not report any sexual dysfunction must be evaluated carefully due to its subjective evaluation and the age of the patient. It has been previously described that LH levels in severely obese patients are inappropriately low; therefore hypothalamic and pituitary function appears to be suppressed [21] . It seems that high serum oestrogens levels exert an inhibitory effect on pituitary LH secretion which then results in HH [21] . Hayes et al. [22] concluded that oestrogens also reduce hypothalamic GnRH-pulse frequency. Vermeulen et al. [23] reported that low levels of testosterone in obese men are the consequence of impaired hypothalamic-pituitary function which leads to decreased LH pulse amplitude. In our patient, the gonadotropin levels were much lower than those observed in men with severe common obesities. This supports the idea of a primarily hypothalamic origin of the hypogonadism and a
